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EXPOSURE APPARATUS, METHOD OF 
MAKING THE APPARATUS, EXPOSURE 

METHOD, AND DEVICE AND 
MANUFACTURING METHOD OF THE 

DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation of International Application PCT/ 
JP98/05987, With an international ?ling date of Dec. 28, 
1998, the entire content of Which is hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an exposure apparatus, a 
method of making the apparatus, an exposure method, and 
a device and a manufacturing method of the device. More 
particularly, the invention relates to an exposure apparatus 
used in a lithographic process, a method of making the 
apparatus, an exposure method used in a lithographic 
process, and a device manufactured by the use of the 
exposure method, and a manufacturing method of the 
device. 

2. Description of the Related Art 
Various exposure apparatus are conventionally used in a 

lithographic process for the manufacture of micro-devices 
such as integrated circuits. As this exposure apparatus, an 
optical exposure apparatus such as a step-and-repeat type 
reducing projection exposure apparatus (knoWn as a stepper) 
is mainly used. Though Within a limited range of ?elds, there 
is also utiliZed a charged particle beam exposure apparatus 
performing exposure by the use of a charged particle beam 
such as an electron beam or an ion beam for forming an 
extra-?ne circuit pattern on a substrate such as a Wafer. An 
electron beam exposure apparatus (knoWn also as an EB 
exposure apparatus) is a typical example of the charged 
particle beam exposure apparatus. 

FIG. 9 schematically illustrates an example of the con 
ventional electron beam exposure apparatus. The electron 
beam exposure apparatus 110 shoWn in FIG. 9 comprises a 
base plate 103 horizontally supported on a plurality of 
vibration isolators 102, a vacuum chamber 104 of a high 
degree of vacuum provided adjacent to the base plate 103, 
a pre-stage chamber of a slightly loWer degree of vacuum 
than in the vacuum chamber 104, an electron beam barrel 
108 ?xed to an upper portion of the vacuum chamber 104 
and having the loWer end thereof inserted into the vacuum 
chamber 104, and a stage 106 housed in the vacuum 
chamber 104 and moving tWo-dimensionally While holding 
a Wafer W on the base plate 103. 

In this apparatus, it is possible to change the irradiation 
point on the Wafer W by a slight amount by de?ecting the 
electron beam EB emitted from an electron gun 109 and to 
the right by means of a de?ection electrode (not shoWn in 
Figs.). Alarge change of the irradiation point of the electron 
beam EB relative to the Wafer W has hoWever been accom 
plished through tWo-dimensional movement of the stage 
106. 

In the conventional electron beam exposure apparatus, a 
medium-acceleration type electron beam barrel accelerating 
an electron beam by a voltage Within a range of 30 to 50 kV 
has mainly been used, taking into account the thickness and 
the sensitivity of the resist layer used. When carrying out 
exposure With such a medium-acceleration type electron gun 
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2 
barrel, hoWever, it is necessary to conduct ghost exposure 
(double exposure) to avoid an adverse effect of back scat 
tered electron, and a Coulomb blur has caused a decrease in 
resolution. 

For the purpose of solving these problems, an electron 
beam exposure apparatus Was recently developed, Which 
eliminated the necessity of the above-mentioned ghost 
exposure, and particularly, adopted an electron beam barrel 
performing high-voltage (for example, 50 to 100 kV) accel 
eration to prevent a decrease in resolution caused by the 
Coulomb blur and improve the throughput. With such an 
apparatus, hoWever, the exposing ef?ciency of the resist 
relative to the energy necessary for acceleration of the 
electron beam is reduced to a loWer level than in the use of 
medium-acceleration electron beam. The electron beam bar 
rel is required to be larger, to such a level that the height 
reaches a value Within a range of 150 to 200 cm. 

In the conventional electron beam exposure apparatus, as 
described above, a structure in Which a Wafer stage making 
a tWo-dimensional movement Was adopted because of the 
necessity to adopt a large-scale electron beam barrel includ 
ing the case of the medium acceleration. With this apparatus, 
hoWever, the footprint (?oor area occupied by the apparatus) 
of the main body of the apparatus becomes larger along With 
the tendency toWard a large diameter of Wafers. More 
speci?cally, in order to achieve exposure of the entire 
surface of a Wafer in an apparatus of this type, the stage must 
provide a movement stroke tWice as large as the Wafer 
diameter. In order to expose the entire surface of a 12-inch 
Wafer(a Wafer having a diameter of 300 mm), Which is likely 
to become available in the near future, the stage must have 
a stroke of at least 1300 mm around the barrel, as a result the 
footprint requires over 600 mm square. Actually, it is nec 
essary to provide a vacuum chamber and a Wafer introduce/ 
removal mechanism, resulting in a scale tWice as large. 

In the electron beam exposure apparatus, the exposing 
speed is loWer compared With the optical exposure appara 
tus. That is, the number of Wafers capable of being fabri 
cated in a unit time is small. As a result, When carrying out 
exposure in the mix-and-match manner With an optical 
exposure apparatus, i.e., When exposing a layer by optical 
means and exposing another layer With an electron beam, it 
becomes necessary to use electron beam exposure apparatus 
in a number several times as large as that of optical exposure 
apparatus. For example, While an optical exposure apparatus 
can expose 80 12-inch Wafers per hour, a high-acceleration 
electron beam exposure apparatus has a throughput of only 
about ?ve to ten Wafers per hour. In order to achieve the 
same throughput, electron beam exposure apparatus in a 
number even eight times as large as that of an optical 
exposure apparatus are necessary. If, in the case, an optical 
exposure apparatus and an electron beam exposure appara 
tus are designed With a same concept, and the footprint is 
designed to be equal betWeen the tWo, the electron beam 
exposure apparatus may require a larger footprint due to the 
area occupied by a vacuum chamber. This result in the 
necessity of a very large clean room, leading to a very high 
cost. 

SUMMARY OF THE INVENTION 

The present invention Was developed under the circum 
stances as described above, and has an object to provide an 
exposure apparatus and an exposure method, Which permit 
reduction of the footprint. 
A loWer acceleration voltage to a charged particle beam 

leads in general to a higher response of a resist and a 
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shallower resist penetration depth. The resist ?lm on an 
object to be exposed is therefore limited to thinner ones. 
Therefore, in order to use a loW-acceleration charged par 
ticle beam While keeping a resist ?lm thickness necessary 
for a conventional manufacturing process of semiconductor 
devices, it has so far been necessary to adopt a special resist 
such as a surface-reactive resist or the double-layer resist 
method. When such a process is adopted, the resist coating 
step has caused a cost problem. In the conventional charged 
particle beam exposure apparatus, therefore, a medium 
acceleration or a high-acceleration charged particle beam 
barrel has been employed. Recently, hoWever, improvement 
of the process technology (Wafer ?attening technique) is 
making it possible to reduce the ?lm thickness, even With the 
use of an ordinary resist by ?attening the Wafer surface by 
the application of, for example, CMP (chemical & mechani 
cal polishing). As a result, the use of a loW-acceleration 
charged particle beam barrel With a high resist response 
performance has become a practical choice. In the case of an 
electron beam exposure apparatus, the progress made in the 
resist technology noW makes it possible to use a loW 
acceleration electron beam barrel even When the ?lm is 
someWhat thick. The loW-acceleration charged particle 
beam barrel can easily be doWnsiZed and made movable. 
The present invention Was developed With these points in 
vieW. 

According to a ?rst aspect of the invention, there is 
provided an exposure apparatus comprising a substrate 
holder holding a substrate; and a charged particle beam 
barrel movable along a plane parallel to the surface of the 
substrate to expose the substrate by irradiating a charged 
particle beam onto the substrate. According to this aspect of 
the invention, since the apparatus has a charged particle 
beam barrel movable along a plane parallel to the substrate 
surface to expose the substrate by irradiating onto the 
substrate, it is possible to expose the substrate by moving the 
charged particle beam barrel, even When, for example, the 
substrate holder is kept in a ?xed state. As compared With the 
conventional exposure apparatus in Which the charged par 
ticle beam barrel is ?xed and the substrate holder is 
movable, therefore, it is possible to reduce the siZe of the 
footprint of the apparatus. The reason is as folloWs. When 
the substrate holder side is movable, a moving stroke of the 
stage tWice as large as the diameter of the substrate is 
required (for both the X and Y directions) Compared With 
this, When the charged particle beam barrel side is movable, 
a moving stroke suf?ces to be of the same order as the 
substrate diameter (for each of the X and Y directions). 

In this case, the path from the charged particle beam barrel 
side to the substrate may be in vacuum. Actually, hoWever, 
it is dif?cult to form such a vacuum path, and When the path 
is not in vacuum, collision of charged particle beams With air 
molecules in the path causes scattering. The apparatus 
should therefore preferably further comprise vacuum cham 
ber housing at least a part of the charged particle barrel and 
the substrate holder. In this case, the charged particle beam 
can be effectively irradiated onto a target irradiation point on 
the substrate by a simple method. 

According to the exposure apparatus of the present 
invention, it is possible to expose a tWo-dimensional region 
on the substrate by the usage of the charged particle beam. 
With this apparatus, even When the substrate holder is kept 
in a ?xed state, it is possible to expose the entire area of the 
exposure range on the substrate by causing the charged 
particle beam barrel to conduct tWo dimensional movement 
(XY tWo-dimensional movement) over substantially the 
entire area of the exposure range on the substrate. In this 
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4 
case, a moving stroke of the charged particle beam barrel (in 
each of the X and Y directions) suf?ces to be approximately 
the same length as the substrate diameter, resulting in a 
moving range of one fourth Within a tWo-dimensional plane, 
compared With the range of the substrate holder side mov 
ing. Consequently, it is possible to reduce the footprint of the 
exposure apparatus to about a fourth. 

Even When the moving stroke of the charged particle 
beam in the X direction or the Y direction is shorter than the 
substrate diameter, it is possible even to expose the entire 
exposure range on the substrate by moving the charged 
particle beam barrel and the substrate holder. In this case 
also, it is possible to reduce the footprint of the exposure 
apparatus, although the decrement ratio differs With the 
moving stroke of the charged particle beam barrel. 
When the exposure apparatus of the invention has a 

movable substrate holder, it should preferably further com 
prise a base on Which the substrate holder is placed, and a 
vibration isolator on Which the base is arranged. In such a 
case, since the vibration isolator causes attenuation of vibra 
tion propagating from outside via the ?oor surface, it is 
possible to reduce vibration in the substrate holder. Because 
passing of a reaction force acting on the base under the effect 
of movement of the substrate holder to the surrounding 
members is prevented by the vibration isolator, it is possible 
to prevent occurrence of vibration in the surrounding mem 
bers. It is therefore possible to improve the throughput as a 
result of improvement of the exposure accuracy and reduc 
tion of settling time. 

It is needless to mention that, in the exposure apparatus of 
the invention, the substrate may be ?xed and the charged 
particle beam barrel may conduct tWo-dimensional move 
ment relative to the substrate. The substrate holder may be 
movable in a ?rst direction (for example, Y direction) and 
the charged particle beam barrel may be movable at least in 
a second direction (for example, X direction) perpendicular 
to the ?rst direction in parallel With the surface of the 
substrate. In this case, the moving stroke of the charged 
particle beam barrel in the second direction is about a half 
the conventional stroke, consequently, it is possible to 
reduce the footprint of the exposure apparatus to about a 
half. 

In this case, the advantages are available of course With 
the apparatus having the same vacuum chamber as above. 
The exposure apparatus may also further comprise a vacuum 
chamber Which houses the substrate holder and a part of the 
charged particle beam barrel, and the vacuum chamber may 
partially comprise belloWs-type members expanding and 
contracting in response to movement of the charged particle 
beam barrel. In such a case, since the charged particle beam 
barrel is not completely housed in the vacuum chamber, the 
inner volume of the vacuum chamber can be smaller, and the 
evacuation time can be accordingly reduced With a vacuum 
pump of a smaller capacity. Because a portion of the vacuum 
chamber comprises belloWs-type members expanding and 
contracting in response to movement of the charged particle 
beam barrel, movement of the charged particle beam barrel 
in the second direction is not interfered. 

The exposure apparatus of the invention may further 
comprise pedestals on Which the charged particle beam 
barrel is arranged and a vibration attenuator arranged 
betWeen the pedestals and the installation surface of the 
substrate holder. In this case, vibration on the pedestal side 
produced by a reaction to the thrust for moving the charged 
particle beam barrel upon movement thereof is attenuated by 
the vibration attenuator travelling to the installation surface 
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of the substrate holder. The substrate holder is therefore, 
almost free from the in?uence of the movement of the 
charged particle beam barrel. This eliminates the risk of the 
irradiation point on the substrate of the charged particle 
beam from the charged particle beam deviating under the 
effect of vibration of the substrate holder, thus permitting 
accurate irradiation of the charged particle beam onto a 
desired position on the substrate. 

In this con?guration, the vibration attenuator may be 
arranged on the installation surface, and a ?rst vibration 
isolator supporting the pedestal may be provided. In such a 
case, since vibration travelling from outside via the instal 
lation surface is attenuated by the ?rst vibration isolator, it 
is possible to reduce vibration travelling from outside via the 
installation to the charged particle beam barrel. Because 
vibration of the pedestal caused by the reaction force acting 
on the pedestal during movement of the charged particle 
beam barrel is attenuated by the ?rst vibration isolator When 
it travels to the installation surface, it is possible to reduce 
vibration affecting other members composing the exposure 
apparatus. 

The exposure apparatus provided With the vibration 
attenuator having the ?rst vibration isolator may further 
comprise a second vibration isolator on Which the substrate 
holder is arranged, and in this con?guration, the ?rst vibra 
tion isolator may be arranged ?ush With the installation 
surface of the second vibration isolator. In such a case, 
vibration, Which travels through the ?oor surface is attenu 
ated by the second vibration isolator, Which makes it pos 
sible to reduce vibration in the substrate holder. Vibration, 
Which travels to the substrate holder in accordance With the 
movement of the charged particle beam barrel, is attenuated 
by the ?rst vibration isolator, and then further attenuated by 
the second vibration isolator. 

The effect exerted on the substrate holder by the move 
ment of the charged particle beam barrel is, therefore, further 
reduced. When the substrate holder is movable, vibration 
Which travel to the installation surface due to the movement 
of the substrate holder is reduced by the second vibration 
isolator. This can reduce vibration in the other members 
composing the exposure apparatus. Because vibration trav 
elling to the charged particle beam barrel With the movement 
of the substrate holder is attenuated in the second vibration 
isolator, and further reduced by the ?rst vibration isolator, 
the charged particle beam barrel is almost free from the 
effect of the movement of the substrate holder. 

The exposure apparatus of the invention may further 
comprise a vacuum chamber Which houses at least a part of 
the charged particle beam barrel and the substrate holder, 
and the installation surface of the substrate holder may differ 
from the installation surface of the vacuum chamber. In this 
con?guration, since the path of the charged particle beam 
can be in vacuum, scattering of the charged particle beam 
caused by collision of air molecules With charged particle 
beam is reduced, and at the same time, it is possible to 
prevent travelling of vibration caused by the movement of 
the substrate holder to the vacuum chamber. 

The exposure apparatus of the invention may further 
comprise a pedestal on Which the charged particle beam 
barrel is arranged; and a vibration attenuator Which offsets a 
reaction force produced in the pedestal in response to 
movement of the charged particle beam barrel. In this case, 
vibration of the pedestal caused from the reaction force of 
thrust causing movement of the charged particle beam barrel 
during movement thereof is attenuator by the vibration 
attenuator, thus making it possible to reduce vibration in the 
other members composing the exposure apparatus. 
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6 
In this con?guration, the vibration attenuator may have a 

structure movable is response to movement of the charged 
particle beam barrel. In this case, because reaction force of 
the thrust for moving the charged particle beam is absorbed 
by moving the structure in match With movement of the 
charged particle beam barrel. It is possible to reduce vibra 
tion in the other member composing the exposure apparatus. 
The exposure apparatus of the invention may further 

comprise a vibration isolator on Which the substrate holder 
is arranged. The vibration attenuator is arranged substan 
tially ?ush With the installation surface of the vibration 
isolator and has an actuator having an end connected to the 
pedestal. In such a case, vibration travelling from outside via 
the installation surface to the substrate holder, and vibration 
travelling to the other members caused by the movement of 
the substrate holder are attenuated by the vibration isolator. 
Simultaneously With this, vibration travelling to the other 
members caused by the movement of the charged particle 
beam barrel is reduced by imparting a force to the pedestal 
by means of an actuator and by moving the charged particle 
beam barrel, to offset the reaction force of the thrust. 

Another con?guration may be adopted, in Which the 
pedestal is provided on the base on Which the substrate 
holder is arranged. 
The exposure apparatus of the invention may further 

comprise an interferometer system, Which detects positional 
information of the charged particle beam barrel. In this case, 
it is possible to accurately position the substrate and the 
charged particle beam barrel on the basis of accurate posi 
tion and posture of the charged particle beam barrel Which 
is detected by the interferometer system. It is therefore 
possible to perform exposure of the substrate at a high 
accuracy. Because the position and posture of the charged 
particle beam barrel can be accurately detected, exposure 
can be performed based on the results. For example, by 
controlling the amount of the de?ection of the charged 
particle beam, exposure can be performed Without Waiting 
for the lapse of a setting time after the movement of the 
charged particle beam barrel. It is accordingly possible to 
improve throughput of exposure. 

In the exposure apparatus, it is of course possible to use 
an ion beam barrel, for example, as the charged particle 
beam barrel. An electron beam barrel irradiating an electron 
beam to the substrate may be adopted as the charged particle 
beam barrel. An applicable electron beam barrel is a 
medium-acceleration type or a high-acceleration type elec 
tron beam barrel of an acceleration voltage of at least 30 kV. 
With such a barrel, hoWever, the large-scale electron beam 
barrel results in larger supporting members supporting the 
same, requiring a large-siZed driving unit for driving the 
same, resulting in a larger-scale equipment. Therefore, the 
acceleration voltage of the electron beam should preferably 
be Within a range of at least 500V to under 30 kV, and more 
preferably be Within a range of at least 5 kV up to 20 kV. 
With such an acceleration voltage, it is possible to use a 
compact electron beam barrel, thus permitting the use of a 
very small driving unit. With a loW-acceleration electron 
beam, the resist sensitivity on the substrate becomes higher, 
and absence of proximity effect caused by a back scatter 
(back scattering electron) eliminates the necessity of a 
high-leveled correction, such as the correction of the current 
amount or correction of a mask pattern. This provides a 
favorable merit in that the burden of generating control data 
for controlling electron beam is greatly reduced. 

Various types of electron beam barrel are applicable as the 
electron beam barrel described above. It is possible to use 
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one selected from the group consisting of Gaussian beam 
type, variable forming beam type, cell projection type, 
blanking aperture array type, and electron beam projecting 
system (hereinafter abbreviated as “EBPS”) type or any 
arbitrary combination of the above. 

The exposure apparatus of the invention may have a 
con?guration in Which rotation of the charged particle beam 
barrel is detected. In this case, a high-accuracy exposure can 
be performed by correcting the irradiating position of the 
charged particle beam in respect to the detected rotation of 
the charged particle beam barrel. 

According to a second aspect of the invention, there is 
provided a method of making an exposure apparatus, com 
prising steps of: providing a substrate holder holding a 
substrate; and providing a charged particle beam barrel 
movable Within a plane parallel to the surface of the sub 
strate to expose the substrate by irradiating a charged 
particle beam onto the substrate. According to this method, 
it is possible to manufacture an exposure apparatus of the 
invention by mechanically, optically and electrically com 
bining and adjusting the substrate holder, the charged par 
ticle beam and various other parts. 

The making method of an exposure apparatus of the 
invention may further comprise a step of providing a 
vacuum chamber, Which houses the substrate holder and the 
charged particle beam barrel. In this case, it is possible to 
make an exposure apparatus permitting ef?cient irradiation 
of a charged particle beam onto a target irradiation point on 
the substrate by a simple method. 

The making method may further comprise a step of 
providing a pedestal on Which the charged particle beam 
barrel is arranged, and a vibration attenuator arranged 
betWeen the pedestal and the supporting member of the 
substrate holder. In this case, the risk of the irradiation point 
on the substrate of the charged particle beam from the 
charged particle beam barrel to deviate under the effect of 
vibration of the substrate holder is eliminated, and it is 
possible to make an exposure apparatus Which can accu 
rately irradiate the charged particle beam to a desired 
position on the substrate. 

According to a third aspect of the invention, there is 
provided a method of exposing a substrate by the use of a 
charged particle beam, comprising a step of exposing a 
tWo-dimensional region on the substrate by the use of the 
charged particle beam, Without moving the substrate tWo 
dimensionally. According to this method, the tWo 
dimensional region on the substrate is irradiated by the use 
of the charged particle beam Without moving the substrate 
tWo-dimensionally. It is therefore possible to reduce the 
footprint to about a fourth compared With the conventional 
exposure method and expose a substrate, for example, When 
the charged particle beam barrel moves tWo-dimensionally 
While keeping the substrate in a ?xed state. Also, When 
moving the substrate in a one-dimensional direction While 
moving the charged particle beam barrel in a direction 
perpendicular to the substrate moving direction, it is pos 
sible to expose the substrate With a footprint about a half the 
siZe compared With the conventional exposure method. 
Therefore, the footprint of the exposure apparatus can be 
largely reduced, compared With the case in Which the 
charged particle beam barrel is ?xed and the substrate 
(substrate holder) moves tWo-dimensionally. 

It is possible to form a predetermined pattern on the 
substrate by exposing the substrate With a charged particle 
beam by the use of the exposure apparatus of the invention 
in a lithographic process, i.e., to manufacture a device 
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8 
having a very ?ne by using the exposure method of the 
invention. According to a still another aspect of the inven 
tion therefore, t here is provided a device manufactured by 
the use of the exposure method of the invention. This is a 
manufacturing method of a device, in a lithographic process, 
using the exposure apparatus of the invention, comprising 
the step of forming a predetermined pattern on a substrate by 
exposing the substrate by means of a charged particle beam. 
Use of the exposure method of the invention makes it 
possible to manufacture a device having an extra?ne pattern. 
From a different point of vieW, this aspect of the invention 
relates to a manufacturing method of a device, in a litho 
graphic process, of exposing the substrate With the charged 
particle beam and transferring a predetermined pattern onto 
the substrate. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates a schematic con?guration of the expo 
sure apparatus of a ?rst embodiment of the present inven 

tion; 
FIG. 2 is a plan vieW of a state in Which an upper Wall of 

the vacuum chamber is removed in the exposure apparatus 
shoWn in FIG. 1; 

FIG. 3 illustrates a concrete example of internal con?gu 
ration of the electron beam barrel shoWn in FIG. 1; 

FIG. 4 is a ?oWchart for explaining the device manufac 
turing method of a ?rst embodiment of the invention; 

FIG. 5 is a ?oWchart of processing in a Wafer process step 
(step 204) shoWn in FIG. 4; 

FIG. 6 illustrates a schematic con?guration of the expo 
sure apparatus of a second embodiment of the invention; 

FIG. 7 is a sectional vieW of FIG. 6 cut along the line 
A—A; 

FIG. 8 illustrates a schematic con?guration of the expo 
sure apparatus of a third embodiment of the invention; and 

FIG. 9 illustrates a conventional exposure apparatus. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

<First Embodiment> 
A ?rst embodiment of the present invention Will noW be 

described With reference to FIGS. 1 to 3. 
FIGS. 1 and 2 illustrate schematic con?gurations of the 

exposure apparatus 10 of the ?rst embodiment. FIG. 1 is a 
plan vieW of the state in Which a Wall on this side of the 
draWing of a vacuum chamber composing the exposure 
apparatus 10 is removed; and FIG. 2 is a plan vieW of the 
state in Which an upper Wall of the vacuum chamber is 
removed. 

This exposure apparatus 10 is an electron beam exposure 
apparatus provided With an electron beam barrel 16 serving 
as a charged particle beam barrel. This exposure apparatus 
10 comprises a surface plate 12 serving as a stage supporting 
member held horiZontal above the ?oor surface S by a 
plurality (four in this embodiment) of vibration isolators 11; 
a vacuum chamber 14 installed on this surface plate 12; a 
Wafer stage WST serving as a substrate holder holding a 
Wafer W serving as a substrate; and an electron beam barrel 
16 moving tWo-dimensionally along a horiZontal plane (XY 
plane) above the Wafer W. 
A so-called active vibration isolator is used as the vibra 

tion isolator 11. It is needless to mention that, as a vibration 
isolator, an air dumper Which has a centering function 
(height adjusting function) to some extent, and capable of 
isolating vibration from the ?oor surface S on a micro-G 
level is Well applicable. 
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The interior of the vacuum chamber 14 is evacuated by a 
vacuum pump (not shown in Figs.) to maintain a high degree 
of vacuum. Evacuation by the vacuum pump produces 
vibration in the vacuum chamber 14 and may cause the 
surface plate 12 to vibrate. In this embodiment, hoWever, as 
described above, the surface plate 12 is supported by the 
active vibration isolator 11 Which immediately attenuates the 
vibration and keeps the Wafer stage WST free from the 
in?uence of the vibration. 
A Wafer holder (not shoWn in Figs.) provided With an 

electrostatic chuck (not shoWn in Figs.) is provided on the 
upper surface of the Wafer stage WST, and the Wafer W is 
?xed on this Wafer holder. The Wafer stage WST is ?nely 
drivable by a driving system (not shoWn in Figs.) in the 
Xaxis direction (the right-left direction in FIG. 1), the Yaxis 
direction perpendicular thereto (direction perpendicular to 
the paper surface in FIG. 1), and the 0 direction (rotating 
direction around the Z axis perpendicular to the XY plane). 
The Wafer holder is ?nely drivable in the Z direction and an 
inclined direction to the XY plane by a driving mechanism 
(not shoWn in Figs.). More particularly, the Wafer W is 
adjustable for 0 rotation (yaWing) and inclination(rotation 
around the X axis and rotation around the Y axis knoWn as 
pitching and rolling), and can make a movement in the XY 
direction by an amount corresponding to about one semi 
conductor chip, and a movement in the Z direction by about 
100 pm. 
The above-mentioned driving mechanism supports the 

Wafer holder (or a table on Which it is arranged) at three 
points arranged at equal angular intervals, and can perform 
focus and leveling control by independently adjusting the 
amount of driving of the three points in the Z axis direction. 
The stroke in the X direction or Y direction should be the 
same level or smaller than the moving stroke of the electron 
beam barrel described later. In other Words, it may be 
determined Within a range of not increasing the footprint, 
Which depends on the moving mechanism of the electron 
beam barrel. 

Therefore, ?ne adjustment of the relative position of the 
Wafer stage WST to the electron beam barrel 16 upon 
positioning is easy, and correction of the softWare-like 
positioning program can be accomplished in a simpli?ed 
manner. The position of the Wafer stage W is measured by 
a position measuring instrument (not shoWn in Figs.) such as 
a laser interferometer With a predetermined resolution (for 
example, a resolution of about 0.5 to 1 nm). In addition, the 
Wafer stage WST can be completely ?xed. In this case, a 0 
rotation mechanism may be added to the driving mechanism 
of the Wafer holder to drive the Wafer holder in four degrees 
of freedom (X axis, Y axis, rotating direction around the Z 
axis and the Z direction). 

Furthermore, a reference mark plate FM is secured, as 
shoWn in FIG. 2, near the Wafer W on the upper surface of 
the Wafer stage WST. The surface of this reference mark 
plate FM is set ?ush With the surface of the Wafer W and 
various reference marks, including the reference mark for 
alignment, are formed on the surface. 

Referring again to FIG. 1, the electron beam barrel 16 
performs exposure of the resist on the Wafer W by the usage 
of an electron beam EB, Which is a charged particle beam, 
on the basis of prepared control data. The electron beam 
barrel 16 may be an electron optical system of a type Which 
has a built-in electron gun, Which emits the electron beam 
and converges it to a spot beam to perform a luster-scan or 
a vector-scan. It may also be a type Which the beam emitted 
by the electron gun is shaped freely by a combination of 
apertures (slits of stencil masks), and the beam is irradiated 
to preferable areas for exposure by the usage of de?ectors or 
the like. 
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10 
FIG. 3 illustrates an example of a detailed internal con 

?guration of the electron beam barrel 16. The electron beam 
barrel 16 shoWn in FIG. 3 is a Gaussian type (including the 
pencil beam type) electron optical system having an electron 
gun 50, a ?rst electromagnetic lens 52 and a second elec 
tromagnetic lens 54. In the electron beam barrel 16 shoWn 
in FIG. 3, the electron beam EB emitted from the electron 
gun 50 is accelerated and converged through an electromag 
netic lens system comprising a ?rst electromagnetic lens 52 
and a second electromagnetic lens 54. These lenses are 
respectively impressed With a predetermined voltage, so as 
to form an electron beam on a spot, and the resist on the 
Wafer W is exposed With this spot beam. As the electron 
beam barrel 16, the loW-acceleration type accelerating elec 
tron beam With an acceleration voltage of 500 V to 30 kV is 
employed in this embodiment. Considering the current level 
of the thinning technique of a resist ?lm, and the reduction 
of the effect of backscattering electron beams, it is practical 
to set the acceleration voltage Within the range of 5 kV to 20 
kV. Since the acceleration voltage is loWer than the conven 
tional level, the electron beam barrel 16 can be con?gured 
in a very small siZe compared With the conventional case 
shoWn in FIG. 9, more particularly, With a height Within a 
range of 30 to 60 cm. While FIG. 3 illustrates the internal 
con?guration of the electron beam barrel 16 in a simpli?ed 
form, there are actually provided an objective aperture, a 
de?ection electrode, a re?ected electron detecting element 
and an astigmatiZer correction coil. 

Other possible con?gurations of the electron beam barrel 
16 are described beloW: (1) cell projection type electron 
optical system Which projects simple patterns such as 
squares of about 5 pm><5 pm and parallelograms previously 
formed on a mask (aperture); (2) an electron optical system 
Which forms variable shapes of beams, an electron optical 
system Which irradiates a beam of a certain siZe (square of 
5 pm><5 pm) to a mask (aperture) on Which patterns slightly 
more complicated than the cell projection type are previ 
ously formed, and projects a pattern corresponding to the 
shape of the electron beam via the mask; (3) EBDW (EB 
direct draWing) including the blanking aperture array type in 
Which the mask has a plurality of shutters (usually, elec 
trodes are formed as shutters by matrix arrangement on a 
dielectric mask, and the electrodes function as a kind of 
capacitors by applying or not applying a certain voltage at 
positions of the individual electrodes) and (4) EBPS (EB 
projection system) Which exposes an area of about 250 pm 
square at a time by the use of a mask (stencil mask) similar 
to an optical exposure apparatus. Furthermore, an electron 
beam barrel may be con?gured With an arbitrary combina 
tion of the Gaussian beam type and any of the above 
mentioned types (1) to What is essential, is to permit a 
suf?ciently ?ner exposure than in an optical exposure. The 
above-mentioned EBPS include a type in Which a mask is 
drivable as disclosed in US. patent application Ser. No. 
08/768201 (application date: Dec. 17, 1996), Which is fully 
incorporated by reference herein. In the case this type is 
employed, scanning exposure Which synchronously moves 
the mask and substrate can be performed. 

Referring back to FIG. 1, a ?ange 16a is provided at a 
position slightly loWer than the height center of the elec 
tronic beam barrel 16. In the exposure apparatus 10 of this 
embodiment, the electron beam barrel 16 is drivable by a 
linear motor (not shoWn in Figs.) along an X guide running 
in the X direction. More speci?cally, a thin and long guide 
hole 18a is formed in the X direction at the center of the Y 
direction as shoWn in FIG. 2. The loWer portion of the 
electron beam barrel 16 is inserted vertically through this 
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guide hole 18a, and the bottom surface of the ?ange 16a is 
supported by levitation, spaced apart by several pm from the 
upper surface of the X guide. In this case, driving coils are 
built in the X guide 18 in the X direction. Permanent 
magnets are provided on the bottom surface of the ?ange 
16a. The X linear motor that drives the electron beam barrel 
16 along the X guide is structured of the driving coils and the 
permanent magnets. 

The above-mentioned X guide 18 has both longitudinal 
ends supported by levitation, spaced apart by several pm 
from the upper surface of a pair of Y guides 20A and 20B 
extending in the Y direction. In this case, driving coils are 
built in the Y guides 20A and 20B in the Y direction, and the 
permanent magnets are provided on the bottom surfaces at 
the both longitudinal ends of the X guide 18, respectively. 
The above-mentioned driving coils and the permanent mag 
nets form a pair of linear motors Which drive the electron 
beam barrel 16 integrally With the X guide 18 along the Y 
guides 20A and 20B. 

The ?ange 16a and X guide 18 may be supported by 
levitation above the X guide 18 and the Y guides 20A and 
20B by magnetic force or electromagnetic force. The con 
?guration is not hoWever limited to this. At least one of the 
?ange 16a and the X guide 18 may be supported by 
levitation above the supported object by a balance betWeen 
the pressure of a compressed gas released onto the supported 
object (S guide 18, and the Y guides 20A and 20B) and the 
vacuum suction force. In this case, the compressed gas is 
released from a static pressure gas bearing. 

To shield the magnetism generated by the X linear motor 
and the Y linear motor, magnetic shielding members (not 
shoWn in Figs.) are provided around the path of electron 
beam EB including the electron beam barrel 16. 

The linear motor (Y guides 20A and 20B) may be 
arranged outside the chamber 14, together With an anti 
vibration pad 22. The anti-vibration pad 22 may be arranged 
on the surface plate 12, or directly on the ?oor surface S (or 
on the base plate) on Which the vibration isolator 11 is 
arranged. 

In the eXposure apparatus 10 of this embodiment, the 
electron beam barrel 16 is driven in the XY tWo-dimensional 
direction by the X linear motor and the Y linear motor. The 
moving stroke in the X and Y directions of the electron beam 
barrel is substantially the same as the diameter of the Wafer 
W. 

In this embodiment, the ?ange 16a of the electron beam 
barrel 16 is formed into a rectangular shape having the X 
direction and the Y direction as its tWo sides. The side 
surface on the “—” side in the Y direction (on the —Y side) 
and the side surface on the “+” side in the X direction (on 
the +X side) are mirror-processed into re?ecting surfaces. 
Alternatively, a moving mirror comprising ?at mirrors 
extending in the X aXis direction and the Y aXis direction 
may of course be arranged. In the folloWing description, the 
above-mentioned re?ecting surface on the “—” side in the Y 
direction is called the Y moving mirror, and the re?ecting 
surface on the “+” side in the X direction is called the X 
moving mirror. 
On the upper surface of the surface plate 12, X position 

detecting laser interferometers 17XA, 17XB and 17XC and 
Y position detecting laser interferometers 17YA, 17YB and 
17YC corresponding to the X moving mirror and Y moving 
mirror are arranged. In this embodiment, a laser interferom 
eter system for detecting X and Y positions, and positions of 
rotation around the Z aXis (yaWing), rotation around the X 
aXis (pitching) and rotation around the Y aXis (rolling) is 
structured by these siX laser interferometers 17XA, 17XB, 
17XC, 17YA, 17YB and 17YC. 
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The individual interferometers composing this laser inter 

ferometer system and their functions Will noW be described 
in detail. 
The X position detecting laser interferometer 17XB is a 

tri-aXial interferometer having three X direction length mea 
suring aXes XB1, XB2 and XB3. The length measuring aXis 
XB1 and the length measuring aXis XB2 are arranged at a 
predetermined interval in the Y aXis direction on the same 
XY plane, and the length measuring aXis XB1 and the length 
measuring aXis XB3 are arranged at a predetermined interval 
in the Z direction on the same YZ plane. This laser inter 
ferometer 17XB irradiates length measuring beams of the 
three above-mentioned length measuring aXes perpendicu 
larly to the X moving mirror, and measures the X direction 
position of the X moving mirror at points irradiated by the 
length measuring beams on the basis of the respective 
re?ected beams. In this case, the X position of the ?ange 
16a, i.e., the electron beam barrel 16 is determined on the 
basis of the average value of the measured value of the 
length measuring aXis XB1 and the measured value of the 
length measuring aXis XB2, and the amount of rotation 
around the Z aXis (amount of yaWing) of the ?ange 16a, i.e., 
the electron beam barrel 16 is determined on the basis of the 
difference betWeen these measured values and the interval 
betWeen the length measuring aXes. The amount of rotation 
around the Y aXis (amount of rolling) of the ?ange 16a, i.e., 
the electron beam barrel 16 is determined on the basis of the 
difference betWeen the measured value of the length mea 
suring aXis XB1 and the measured value of the length 
measuring aXis XB3 and the interval betWeen the length 
measuring aXes. 
The X position detecting laser interferometer 17XA, as in 

the above-mentioned laser interferometer 17XB, has three X 
direction length measuring aXes XA1, XA2 and XA3. When 
the ?ange 16a is present at a position Where length measur 
ing beams of the three length measuring aXes can be 
irradiated onto the X moving mirror, the X position of the 
?ange 16a, i.e., the electron beam barrel 16 is determined on 
the basis of the average value of the measured value of the 
length measuring aXis XA1 and the measured value of the 
length measuring aXis XA2. The amount of rotation around 
the Z aXis (amount of yaWing) of the ?ange 16a, i.e., the 
electron beam barrel 16 is determined on the basis of the 
difference betWeen the both measured values and the inter 
val betWeen the length measuring aXis. The amount of 
rotation around the Y aXis (amount of rolling) of the ?ange 
16a, i.e., the electron beam barrel 16 is determined on the 
basis of the difference betWeen the measured value of the 
length measuring aXis AX1 and the measured value of the 
length measuring aXis XA3 and the interval betWeen the 
length measuring aXes. 
The remaining X position detecting laser interferometer 

17XC has, similar to the above-mentioned laser interferom 
eter 17XB, three X direction length measuring aXes XC1, 
XC2 and XC3. When the ?ange 16a is present at a position 
Where length measuring beams of the three length measuring 
aXes can be irradiated onto the X moving mirror, the X 
position of the ?ange 16a, i.e., the electron beam barrel 16 
is determined on the basis of the average value of the 
measured value of the length measuring aXis XCl and the 
measured value of the length measuring aXis XC2. The 
amount of rotation around the Z aXis (amount of yaWing) of 
the ?ange 16a, i.e., the electron beam barrel 16 is determined 
on the basis of the difference betWeen both measurements 
and the interval betWeen the length measuring aXes. The 
amount of rotation around the Y aXis (amount of rolling) of 
the ?ange 16a, i.e., the electron beam barrel 16 is determined 
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on the basis of the difference between the measured value of 
the length measuring axis XC1 and the measured value of 
the length measuring axis XC3 and the interval betWeen the 
length measuring axes. 

The laser interferometers 17XA, 17XB and 17XC are 
arranged so that length measuring beams emitted by at least 
one of the laser interferometers 17XA, 17XB and 17XC 
(length measuring beams along one, tWo, or three axes 
among the above-mentioned three length measuring axes; in 
the case of the laser interferometer 17XA for example, 
length measuring beams along the length measuring axis 
XA2, the length measuring axes XA1 and XA3, or all of the 
three length measuring axes) are irradiated over the entire 
area of the stroke range of the electron beam barrel 16 in the 
Y direction (in FIG. 2, the interferometer 17XB irradiates 
the X moving mirror). Furthermore, the laser interferometers 
17XA, 17XB and 17XC are arranged in the Y direction so 
that, immediately before the length measuring beam of the 
laser interferometer (for example, the laser interferometer 
17C) Which irradiates the length measuring beam onto the X 
moving mirror by movement of the electron beam barrel 16 
(for example, in the +Y direction) misses the X moving 
mirror, the length measuring beam of the laser interferom 
eter (for example, the laser interferometer 17B) adjacent 
thereto in the moving direction is irradiated onto the X 
moving mirror. As a result, output of the laser interferometer 
(for example, the laser interferometer 17B) irradiating a neW 
length measuring beam onto the X moving mirror is preset 
(that is, set to the same output value) so that it succeeds the 
detection results of the laser interferometer Which had 
irradiated the laser beam onto the X moving mirror. In this 
case, the electron beam barrel 16 may be rotating around the 
Z axis, therefore, it is recommendable to add an offset to the 
preset value. This can correct the rotation error in respect to 
the status of rotation from the initial condition (or at the time 
of the preceding measurement of yaWing). Consequently, the 
X position, rotation around the Z axis, and rotation around 
the Y axis of the electron beam barrel 16 are continuously 
detected over the entire range of Y direction stroke of the 
electron beam barrel 16. 

The Y position detecting laser interferometer 17YB is a 
tri-axial interferometer having three Y direction length mea 
suring axes YB1, YB2 and YB3. The length measuring axis 
YB1 and the length measuring axis YB2 are arranged on the 
same XY plane at a predetermined interval in the X axis 
direction, and the length measuring axis YB1 and the length 
measuring axis YB3 are arranged on the same XZ plane at 
a predetermined interval in the Z direction. The laser inter 
ferometer 17YB irradiates the length measuring beams of 
the above-mentioned length measuring axes perpendicular 
to the X moving mirror and measures Y direction position of 
the Y moving mirror of the irradiation point of the length 
measuring beam on the basis of the respective re?ected 
beams. In this case, the Y direction of the ?ange 16a, i.e., the 
electron beam barrel 16 is determined on the basis of the 
average value of the measured value of the length measuring 
axis YB1 and the measured value of the length measuring 
axis YB2, and the amount of rotation (amount of yaWing) 
around the Z axis of the ?ange 16a, i.e., the electron beam 
barrel 16 is determined on the basis of the difference 
betWeen the tWo measurements and the interval betWeen the 
length measuring axes. The amount of rotation (amount of 
pitching) around the X axis of the ?ange 16a, i.e., the 
electron beam barrel 16 is determined on the basis of the 
difference betWeen the measured value of the length mea 
suring axis YB1 and the measured value of the length 
measuring axis YB3 and the interval betWeen the length 
measuring axes. 
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The Y position detecting laser interferometer 17YA has, 

like the laser interferometer 17YB, three length measuring 
axes YA1, YA2 and YA3 in the Y direction. When the ?ange 
16a is present at a position Where length measuring beams 
of the three length measuring axes can be irradiated onto the 
Y moving mirror, the Y position of the ?ange 16a, i.e., the 
electron beam barrel 16 is determined on the basis of the 
average value of the measured value of the length measuring 
axis YAl and the measured value of the length measuring 
axis YA2, and the amount of rotation (amount of yaWing) 
around the Z axis of the ?ange 16a, i.e., the electron beam 
barrel 16 is determined on the basis of the difference 
betWeen the tWo measurements and the interval betWeen the 
length measuring axes. The amount of rotation (amount of 
pitching) around the X axis of the ?ange 16a, i.e., the 
electron beam barrel 16 is determined on the basis of the 
difference betWeen the measured value of the length mea 
suring axis YA1 and the measured value of the length 
measuring axis YA3 and the interval betWeen the length 
measuring axes. 
The remaining Y position detecting interferometer 17YC 

has, like the laser interferometer 17B, three length measur 
ing axes YC1, YC2 and YC3 in the Y direction. When the 
?ange 16a is present at a position Where the length measur 
ing beams of the three length measuring axes can be 
irradiated onto the Y moving mirror, the Y position of the 
?ange 16a, i.e., the electron beam barrel 16 is determined on 
the basis of the average value of the measured value of the 
length measuring axis YC1 and the measured value of the 
length measuring axis YC2, and the amount of rotation 
(amount of yaWing) around the Z axis of the ?ange 16a, i.e., 
the electron beam barrel 16 is determined on the basis of the 
difference betWeen the tWo measurements and the interval 
betWeen the length measuring axes. The amount of rotation 
(amount of pitching) around the X axis of the ?ange 16a, 
i.e., the electron beam barrel 16 is determined on the basis 
of the difference betWeen the measured value of the length 
measuring axis YC1 and the measured value of the length 
measuring axis YC3 and the interval betWeen the length 
measuring axes. 
The laser interferometers 17YA, 17YB and 17YC are all 

arranged in the X direction in the same manner as the 
arrangement relationship of the laser interferometers 17XA, 
17XB and 17XC in the Y direction. They continuously 
detect the Y position, rotation around the Z axis and rotation 
around the X axis of the electron beam barrel 16 over the 
entire X direction stroke range of the electron beam barrel 16 
by performing identical presetting as in the case of the laser 
interferometers 17XA, 17XB and 17XC. 

Either one, or the average value of both the rotation 
around the Z axis is detected on the basis of the length 
measuring result by the X position detecting laser interfer 
ometers 17XA, 17XB and 17XC, and the rotation around the 
Z axis detected on the basis of the length measuring result 
by the Y position detecting laser interferometers 17YA, 
17YB and 17YC can be detected as the rotation around the 
Z axis. 

Calibration of the position detecting laser interferometer 
system of the electron beam barrel 16 is conducted as 
folloWs as required. 

In a state in Which length measuring beam emitted from 
at least a laser interferometer from among the laser inter 
ferometers 17XA to 17XC is irradiated onto the X moving 
mirror, and the length measuring beam emitted by at least a 
laser interferometer from among the laser interferometers 
17YA to 17YC is irradiated onto the Y moving mirror, the 
surface mark arrange on the reference mark plate FM on the 
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Wafer stage is detected by electron beam irradiated from the 
electron beam barrel 16. The reference mark is detected in 
the same manner as in detection of the Wafer mark by a 
re?ected electron detecting element (not shoWn in Figs.) 
used for detecting the Wafer mark described later. 

Using the positional information obtained from the laser 
interferometer for detecting the position of the Wafer stage 
WST upon detecting the reference mark, and detection result 
of the mark (as required, the amount of de?ection of electron 
beam), the electron beam, i.e., the electron beam barrel 16 
is positioned relative to the reference mark on the Wafer 
stage WST positioned, for example, at a predetermined 
calibration position, and in this state, the positional infor 
mation obtained from the individual length measuring axes 
of the interferometer system for the electron beam barrel 16 
is correlated With the position of the electron beam barrel 16, 
that is, presetting is performed. 
When ?xing the Wafer stage WST, the interferometer 

system for the Wafer stage WST is unnecessary: upon 
presetting, it suffices to position the electron beam barrel 16 
so that the reference mark is detected by the electron beam 
EB, and in this state (including the state in Which the amount 
of positional shift betWeen the electron beam and the refer 
ence mark), to correlate positional information obtained 
from the individual length measuring axes of the interfer 
ometer system for the electron beam barrel 16 With the 
position of the electron beam barrel 16. When the Wafer 
stage WST is ?xed, it is necessary to provide a plurality of 
reference mark plates in response to the arrangement of the 
individual interferometers of the interferometer system for 
the electron beam barrel 16. More speci?cally, it is necessary 
to provide reference mark plates at positions Where the 
reference mark can be detected by the electron beam EB in 
a state in Which length measuring beams from tWo interfer 
ometers from among the X position detecting interferom 
eters 17XA, 17XB and 17XC are irradiated onto the X 
moving mirror, and positions Where the reference marks can 
be detected by the electron beam EB in a state in Which 
length measuring beams from one of the above tWo inter 
ferometers and remaining X interferometer are irradiated 
onto the X moving mirror. This is also the case With the Y 
direction. Therefore, for example, in the case of the Wafer 
stage WST shoWn in FIG. 2, it suf?ces to provide other 
reference mark plate at positions of the +X direction end and 
+Y direction end of the Wafer stage WST, in addition to the 
reference mark plate FM. Even When the Wafer stage is 
movable, it may similarly be necessary to provide a plurality 
of reference mark plates, depending on the stroke. 

The X moving mirror and the Y moving mirror may be 
formed by mirror-processing a side surface of the ?ange 
16a, or they may be provided in the electron beam barrel 16. 
The arranged number and the arrangement interval of the X 
position detecting laser interferometer and Yposition detect 
ing laser interferometer are determined in accordance With 
the relationship betWeen the moving stroke in the X direc 
tion and the Y direction of the electron beam barrel 16, the 
Y direction length of the X moving mirror and the X 
direction length of the Y moving mirror. For example, When 
the Y direction length of the X moving mirror and the X 
direction length of the Y moving mirror are set so as to cover 
substantially the entire range of the moving stroke of the 
electron beam barrel in the X and Y directions, it suf?ces to 
provide one X position detecting laser interferometer and 
one Y direction detecting laser interferometer. 

In order to fully ?x the Wafer stage WST, a ?xed mirror 
in the position detecting laser interferometer system of the 
electron beam barrel 16 may be provided on the Wafer stage 
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WST, or, a side surface of the Wafer stage WST may be 
mirror-processed to use as a ?xed mirror in the position 
detecting laser interferometer system for the electron beam 
barrel 16. 
A gap sensor (not shoWn in Figs.) for detecting the 

interval betWeen the electron beam barrel 16 and the Wafer 
W is provided on the electron beam barrel 16. The interval 
betWeen the electron beam barrel 16 and the Wafer W can be 
detected by employing a focus sensor of the inclined inci 
dence type arranged on the electron beam barrel 16, to 
monitor the interval betWeen the electron beam barrel 16 and 
the Wafer. 

In the exposure apparatus 10 of this embodiment, a 
control unit (not shoWn in Figs.) controls the position of the 
electron beam barrel 16 and the amount of de?ection of the 
electron beam EB While monitoring measured values 
obtained by the position detecting laser interferometer sys 
tem and the gap sensor of the electron beam barrel 16. That 
is, the position of the electron beam barrel 16 is controlled 
by an X linear motor and a Y linear motor, on the basis of 
the detection results of the X position and the Y position of 
the electron beam barrel 16. The amount of de?ection of the 
electron beam EB is controlled for the purpose of correcting 
the irradiation point of the electron beam EB on the basis of 
the detection result of rotation of the electron beam barrel 16 
around the X axis and around the Y axis, i.e., the detection 
result of the incline of the electron beam barrel 16. In order 
to correct the irradiation point of the electron beam EB, the 
position of the electron beam barrel 16 may be controlled by 
an X linear motor and a Y linear motor, or movement of the 
Wafer W may be controlled. The correction may also be 
carried out by combining these With the amount of de?ection 
of the electron beam EB being controlled. 

In general, rotation of the Wafer W around the Z axis is 
controlled on the basis of the detection result of rotation of 
the electron beam barrel 16 around the Z axis. Rotational 
control of the Wafer W around the Z axis is not necessary for 
the Gaussian beam type as in this embodiment. In this 
embodiment, the amount of de?ection of the electron beam 
EB is controlled on the basis of the detection result of 
rotation of the electron beam barrel 16 around the Z axis. 
By the control unit, a control signal corresponding to the 

information about the pattern to be draWn is sent to the 
electron beam barrel 16 via a signal line 24 (see FIG. 1). As 
a result, the electron beam EB from the electron beam barrel 
16 is irradiated onto a desired irradiation point of the resist 
on the Wafer W, thus exposing the irradiation point on the 
resist. It is possible to draW a desired pattern by irradiating 
the electron beam EB onto almost the entire surface of the 
Wafer W by carrying out this exposure While moving the 
electron beam barrel 16 in the XY tWo-dimensional direc 
tions. 
When both the electron beam barrel 16 and the Wafer 

stage WST are moved to expose the resist With the electron 
beam, it is recommendable to previously correlate (preset) 
measured values of the interferometer system for the elec 
tron beam barrel 16 and the interferometer system for the 
Wafer stage WST prior to exposure. A typical process 
comprises the steps of positioning the Wafer stage WST at 
the calibration position (origin point of an orthogonal coor 
dinate system de?ned by the position detecting interferom 
eter system), the electron beam detecting the reference mark 
arranged on the reference mark plate FM, and in this state, 
storing the positional information obtained from the inter 
ferometer for the electron beam barrel 16, or presetting the 
interferometer to a predetermined value (including Zero 
presetting). 
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The Y guides 20A and 20B are supported in parallel With 
the surface plate 12 via anti-vibration pads serving as a 
plurality of vibration attenuators ?xed to the upper surface 
of the surface plate 12. That is, in this embodiment, a 
pedestal on Which the electron barrel 16 serving as a charged 
particle beam barrel 16 is constructed by the X guide 18 and 
the Y guides 20A and 20B. The anti-vibration pads 22 are 
arranged betWeen the pedestal and the surface plate 12 
serving as a supporting member of the Wafer stage WST. As 
a result, vibration on the side of pedestals (18, 20A and 20B) 
produced With reaction force of thrust of the X linear motor 
and Y linear motor upon movement of the electron beam 
barrel 16 is attenuated by the anti-vibration pads 22 during 
transfer to the surface plate 12. Vibration of the pedestals 
(18, 20A and 20B) caused by the movement of the electron 
beam barrel 16 exerts almost no effect on the Wafer stage 
WST. The irradiation point on the Wafer W of electron beam 
EB from the electron beam barrel 16 does not shift, and it is 
possible to accurately irradiate electron beam EB onto a 
desired area on the Wafer W. 

With a vieW to cancelling the reaction force produced 
With movement of the electron beam barrel 16, a movable 
member may be provided betWeen the pedestals (18, 20A 
and 20B) and the anti-vibration pads 22. In this 
con?guration, the anti-vibration pads 22 and the movable 
member, and the movable member and the pedestals (18, 
20A and 20B) are kept in a non-contact state through 
magnetic levitation or the like, and the movable member is 
freely movable in response to the reaction force 
(con?guration having a counter Weight). In addition to the 
above, techniques for releasing the reaction force by the use 
of a movable member freely movable in response to the 
reaction force are disclosed, for example, in US. Pat. No. 
5,528,118, U.S. patent application Ser. No. 08/266999 
(application date: Jun. 27, 1994), and US. patent application 
Ser. No. 08/416558 (application data: Apr. 4, 1995), Which 
are fully incorporated by reference herein. When using any 
of the techniques disclosed by these publications and the 
like, it suffices to adopt a con?guration releasing the reaction 
force of an electron beam barrel or a holding member 
holding the same in place of a reticle stage or a Wafer stage 
disclosed in these publications and the like. 

It is also possible to use a con?guration in Which at least 
three actuators (at least tWo actuators for any one of the X 
direction and the Y direction and at least one actuator for 
other direction) and a force of cancelling the reaction force 
(a force of cancelling reaction force for three degrees of 
freedom including X direction, Y direction and rotating 
direction around the Z axis) is imparted to the pedestal or the 
base by means of these actuators. In this case, acceleration 
sensors are attached to at least three points of the pedestals 
(18, 20A and 20B), and the force imparted to the pedestals 
(18, 20A and 20B) is controlled on the basis of the detection 
result of acceleration at the individual positions by these 
acceleration sensors. The technique of cancelling the reac 
tion force by imparting a force of cancelling the reaction 
force in response to the extent of the reaction force is 
disclosed, for example, in US. patent application Ser. No. 
08/624358 (application date: Apr. 11, 1994), Which is fully 
incorporated by reference herein. 

Furthermore, in the exposure apparatus of this 
embodiment, the position of the alignment mark formed on 
the Wafer W is detected by irradiating electron beam from 
the electron beam barrel 16 onto the Wafer W, and detecting 
secondary electron (re?ected electron) from the Wafer W 
surface by means of a re?ected electron detecting element 
(not shoWn in Figs.). By the side of the electron beam barrel 
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16, a proximity microscope such as an optical microscope or 
an interatomic microscope may be provided as an off-axis 
alignment microscope, and measurement of the Wafer 
position, or positional detection of the alignment mark may 
be performed by moving the microscope integrally With the 
electron beam barrel 16. In any case, for example, When 
sequentially exposing a plurality of divided areas (chip 
areas) on the Wafer, the enhanced global alignment (EGA) 
method of determining the arrangement coordinates of each 
of the shot areas on the Wafer W through predetermined 
statistical calculations as disclosed in US. Pat. No. 4,780, 
617 may be adopted. The disclosure of the Us. Pat. No. 
4,780,617 is fully incorporated by reference herein. 
The optical microscope, i.e., the alignment system pro 

vided separately from the electron beam barrel 16 is 
disclosed, for example, in US. Pat. No. 5,493,403, Which is 
fully incorporated by reference herein. 
When providing an alignment system (including an opti 

cal microscope) integrally With the electron beam barrel 16, 
it is desirable to previously measure the positional relation 
ship betWeen the irradiation position of electron beam and 
the detection center of the alignment system, i.e., the amount 
of base line of the alignment system. Therefore, a ?rst 
reference mark detected by electron beam and a second 
reference mark detected by the alignment system are 
arranged on the Wafer stage at an interval corresponding to 
the amount of base line, and the amount of base line is 
determined on the basis of the result of detection of the ?rst 
and second reference marks by electron beam EB and the 
alignment system and the interval betWeen the ?rst and 
second reference marks. Although there is a difference of an 
electron beam barrel and an optical barrel, measurement of 
base line by an off-axis alignment sensor in an optical 
exposure apparatus is disclosed, for example, in Us. Pat. 
No. 5,243,195, Which is fully incorporated by reference 
herein. 

Although not shoWn in FIG. 1, a pre-chamber of a slightly 
loWer degree of vacuum than in the vacuum chamber 14 is 
provided adjacent to the vacuum chamber 14 (for example, 
one corresponding to the pre-stage chamber 105 in FIG. 9), 
so that the Wafer W is introduced and removed into and from 
the vacuum chamber 14 by opening the door to the vacuum 
chamber 14 in a closed state of the pre-chamber. This is for 
preventing sudden decrease in the degree of vacuum in the 
vacuum chamber 14 upon charging or removing the Wafer 
W. 
A device producing method using the above exposure 

apparatus and method in a lithographic process Will be 
described in detail next. 

FIG. 4 is a How chart shoWing an example of producing 
a device (a semiconductor chip such as an IC or LSI, a liquid 
crystal panel, a CCD, a thin magnetic head, a micromachine, 
or the like). As shoWn in FIG. 4, in step 201 (design step), 
function/performance is designed for a device (e.g., circuit 
design for a semiconductor device) and a pattern to imple 
ment the function is designed. In step 202 (mask producing 
step), a mask on Which the designed circuit pattern is formed 
is manufactured. In step 203 (Wafer producing step), a Wafer 
is producing by using a silicon material or the like. 

In step 204 (Wafer processing step), an actual circuit and 
the like are formed on the Wafer by lithography or the like 
using the mask and Wafer prepared in steps 201 to 203, as 
Will be described later. In step 205 (device assembly step), 
a device is assembled by using the Wafer processed in step 
204. Step 205 includes processes such as dicing, bonding, 
and packaging (chip encapsulation). 

Finally, in step 206 (inspection step), a test on the opera 
tion of the device, durability test, and the like are performed. 
After these steps, the device is completed and shipped out. 
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FIG. 5 is a How chart showing a detailed example of step 
204 described above in producing the semiconductor device. 
Referring to FIG. 5, in step 211 (oxidation step), the surface 
of the Wafer is oxidiZed. In step 212 (CVD step), an 
insulating ?lm is formed on the Wafer surface. In step 213 
(electrode formation step), an electrode is formed on the 
Wafer by vapor deposition. In step 214 (ion implantation 
step), ions are implanted into the Wafer. Steps 211 to 214 
described above constitute a pre-process for the respective 
steps in the Wafer process and are selectively executed in 
accordance With the processing required in the respective 
steps. 
When the above pre-process is completed in the respec 

tive steps in the Wafer process, a post-process is executed as 
folloWs. In this post-process, ?rst, in step 215 (resist for 
mation step), the Wafer is coated With a photosensitive agent. 
Next, as in step 216, the circuit pattern on the mask is 
transcribed onto the Wafer by the above exposure apparatus 
and method. Then, in step 217 (developing step) , the 
exposed Wafer is developed. In step 218 (etching step) , an 
exposed member on a portion other than a portion Where the 
resist is left is removed by etching. Finally, in step 219 
(resist removing step), the unnecessary resist after the etch 
ing is removed. 
By repeatedly performing these pre-process and post 

process, multiple circuit patterns are formed on the Wafer. 
According to the exposure apparatus 10 of this 

embodiment, as described above, the entire surface of the 
Wafer W can be exposed by the XY tWo-dimensional move 
ment of the electron beam barrel 16, and this permits 
reduction of footprint of the apparatus. More speci?cally, 
When the Wafer stage WST side makes a tWo-dimensional 
movement, and a 12-inch Wafer (Wafer having a diameter of 
300 mm) is to be exposed, it is necessary to provide an area 
of 600 mm square for movement of the Wafer stage. When 
the electron beam barrel 16 moves as in this embodiment, in 
contrast, a moving stroke of 300 mm, of the same order as 
the Wafer diameter, suffices. This is about a fourth that is 
required in the case of the Wafer state side moving. 

Therefore, even When conducting mix-and-match With the 
optical exposure apparatus described previously by the use 
of a plurality of the exposure apparatus 10 of this 
embodiment, the increment of the footprint, i.e., the incre 
ment of the clean room area can be reduced to about a fourth 
as compared With the conventional case, thus making it 
easier to introduce mix-and-match. In a mix-and-match With 
an optical exposure apparatus, it is possible to perform 
correcting exposure of four corners of a rectangular pattern 
or a corner portion of an L-shaped pattern transferred With 
an optical exposure apparatus, and transfers only a ?ne 
pattern exceeding the resolution limit of the optical exposure 
apparatus such as transfer of a very ?ne line pattern con 
nected to a large-area pattern transferred With the use of the 
optical exposure apparatus by the use of the exposure 
apparatus 10 of this embodiment. It is of course possible to 
use a con?guration in Which the layer exposed by the optical 
exposure apparatus is different from the layer exposed by the 
exposure apparatus of this embodiment. 

Since a loW-acceleration type electron beam barrel 16 is 
adopted in this embodiment, it is possible to achieve a very 
small siZe of the barrel 16, and hence to doWnsiZe the driving 
system driving the barrel 16. In a loW-acceleration electron 
beam exposure as in this embodiment, the resist sensitivity 
becomes higher than that in a medium or high-acceleration 
electron beam exposure even With the same resist. 
Furthermore, in a loW-acceleration electron beam exposure 
as in this embodiment, a proximity effect caused by back 
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scattering does not occur, thus eliminating the necessity of 
a high-level correction such as correction of the amount of 
current or correction of the master pattern. The burden of 
generating control data for controlling electron beam is 
therefore alleviated to a large extent. 
The acceleration voltage of electron beam irradiated onto 

the Wafer W depends upon the kind of resist material used 
and the thickness of the resist ?lm. A loWer acceleration 
voltage requires a thinner ?lm thickness. According as the 
acceleration voltage is loWer, the thickness of the resist ?lm 
capable of being exposed becomes thinner. A resist material 
having a satisfactory sensitivity such as a chemical ampli 
fying type one should be used With a thickness of up to 0.2 
pm. When using a multi-layer resist, the ?lm thickness can 
be about 10 nm. 

The exposure apparatus 10 of the invention can be made 
by horiZontally arranging the surface plate 12 above the 
vibration isolator 11, placing the Wafer stage WST on the 
surface plate 12, providing the electron beam barrel 16 
making a tWo-dimensional movement along a horiZontal 
plane (XY plane) above the Wafer stage WST, and providing 
the vacuum chamber 14, thereby performing comprehensive 
adjustment (electrical adjustment, operational con?rmation) 

In this embodiment, the exposed area on the substrate W 
is changed by the movement of the electron beam barrel 16. 
It is of course possible to change the exposed area on the 
substrate W by the simultaneous use of the movement of the 
electron beam barrel 16 and the de?ection of the electron 
beam EB. 

In this embodiment, the moving stroke of the electron 
beam barrel 16 is of the order of the diameter of the substrate 
W. It is needless to mention that the moving stroke of the 
electron beam barrel 16 may be longer than the substrate W 
diameter. For a particular arrangement of the reference mark 
plate FM provided on the Wafer stage WST, the moving 
stroke of the electron beam barrel 16 should preferably be 
longer in respect to the position of arrangement thereof. 

It is possible to use a moving stroke of the electron beam 
barrel 16 shorter than the diameter of the substrate W. In this 
case, the Wafer stage WST may be made movable by a 
distance corresponding to this difference. Even in such a 
case, the footprint is smaller than the conventional one. 

In this embodiment, four vibration isolators 11 are 
arranged to support the surface plate 12. The number of 
arranged surface tables 12 is not particularly limited, as long 
as it is three or more. 

Upon positioning (alignment) of electron beam EB rela 
tive to the substrate W, a relatively rough positioning is used 
for movement of the electron beam barrel 16: for example, 
it is used for movement betWeen shots or betWeen chips, and 
depending upon the de?ectable amount of electron beam, 
the ?nal positioning of electron beam relative to the Wafer W 
(?ne alignment) may be made in response to the de?ection 
of electron beam. 
<Second Embodiment> 
A second embodiment of the invention Will noW be 

described With reference to FIGS. 6 and 7. For the same or 
equivalent component parts as those in the ?rst embodiment 
described above, the same reference numerals are used and 
the description is omitted. 
The exposure apparatus 100 of this second embodiment 

has, as shoWn in FIG. 6, a vacuum chamber 30 in place of 
the vacuum chamber 14 in the ?rst embodiment, and is 
characteriZed in that the Wafer stage WST is movable at a 
predetermined stroke (more speci?cally, about tWice as large 
as the Wafer W diameter) in the Y direction (?rst direction: 
direction perpendicular to the paper surface of FIG. 1). 










